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ABSTRACT

This study examines the Al-Ashaali drainage basin, a watershed in the southern Iraqi desert,
which constitutes a hydro-geomorphological system within the lower valleys region according
to Iraq's geomorphological classification. The study uses a digital elevation model to classify
the landforms of the watershed. Landform maps from the Shuttle Radar Topography Mission
(SRTM) were combined with topographic maps to understand the formation of landforms.
Geospatial simulation models were developed to create a simplified geomorphological base
map. The data was analyzed utilizing ArcGIS software, which included color mapping tools,
topographic maps, as well as geological and hydrological maps. The study aims to enhance
the interpretation and geomorphological analysis of the watershed's landform characteristics.
The Dutch Geosciences Institute (ITC) geomorphological classification system was used to
categorize the landforms. The results indicated that the valleys in the study area are significant
terrain due to their desiccation during the Quaternary period and their current location in arid
regions. They exhibit fluvial erosion and are associated with Al-Ashaali watershed and Abu
Hadair watershed in its western and southwestern areas. Rijlat Al-Tuwaitha is characterised
by "captivity elbow" and "wind gaps", due to the accelerated flow of one river. The erosion
plain is affected by erosion factors, including river sedimentation, floodplains, river islands,
and braided streams. Alluvial fans develop in regions with steep slopes and lowlands, while
floodplains are created by sediments carried by valleys and streams from steep highlands.
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Classifying fluvial landforms

Braided streams undergo multiple cycles of deposition and erosion, and most flora in the
region consists of pioneer species.

Keywords: Al-Ashaali, Landforms, SRTM, Topography, Watershed.

INTRODUCTION

Landform classification is essential for comprehending terrain surface characteristics and
landform development. In In earlier decades, the primary objectives were to categorise the
land surface according to various methods developed through discrete or complex geomorphic
classifications (Ghosh and Bera, 2023). During that period, most geomorphologists believed
that the primary objective of geomorphological mapping was to highlight the processes that
predominantly influence and leave their unique marks on landforms (Rong et al., 2022). Since
2000, the objectives of the geomorphic mapping methodology have undergone significant
transformation, directly influencing the processes for selecting suitable land use planning and
enhancing sustainable agricultural practices (Martins et al., 2016). The methodological
perspective has undergone rapid transformation due to technological advancements, as
previous techniques were both time-consuming and costly (Lin et al., 2022). Scientists
recognize contemporary geomorphological mapping and landform classification methods for
emphasizing theme-based scientific classification instead of comprehensive scientific
mapping (Ghosh and Bera, 2023).

Conventional landform classification and mapping primarily relied on field investigations
to manually interpret topographic maps and aerial photographs, relying significantly on
qualitative and subjective expert judgment (Amine et al., 2019). Moreover, field
investigations and manual recognition inherently entail burdensome tasks that are both time-
consuming and labour-intensive (Pereira et al., 2013). Recently, scientists have employed
geospatial techniques to gather data on landform structures and configurations, judgment by
high-precision digitised mapping (Mokarrama and Hojati, 2018). Due to the acquisition of
diverse data sources like the digital elevation models (DEM), various automated methods-
mainly digital landform classification techniques- have gradually replaced traditional methods
in recent years (Zhou et al., 2023). The advancement of DEM data acquisition has established
landform classification via DEM as a primary technique and focal point in the field, due to its
high accuracy and logical classification framework (Burnelli et al., 2023). However,
descriptions of fluvial landforms remain consistent, hindering our ability to compare the
patterns of these features across river systems, even when employing analogous nomenclature.
River landforms have been referred to as channel geomorphic units, habitat units,
morphological units, and morphogenetic units; for simplicity, we refer to these features as
geomorphic units (Guitet et al., 2013).

Geomorphic maps help us understand and measure the connections between processes and
the factors controlling them (Mokarram et al., 2015; Wheaton et al., 2015; Manosso et al.,
2021; Al-Sababhah, 2023). They also help us examine river evolution and adaptive capacity,
and illustrate geomorphic change over time. These maps typically condense spatially
continuous data (e.g., topography) into a discrete representations of the essential
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characteristics defining the rivers landscape (Carrion-Mero et al., 2022). We assert that the
fluvial geomorphic community lacks a universally applicable framework for consistently
identifying river features, as geomorphic mapping and identifying river building blocks
depend on classification (Zabaleta et al., 2020). This issue is equally important for both field
mapping interpretation and analysing remotely sensed data. All maps are derived from
foundational conceptual models and the accessible data used in their creation (Mohamed,
2020). When executed effectively, geomorphic maps offer insight into the characteristics,
patterns, and arrangement of landforms. (Mokarram et al., 2015).

This study aims to determine the spatial distribution of different riverine landforms in Al-
Ashaali catchment. The objectives are to: (a) provide a geomorphological map of the
catchment at a scale of 1:50,000 (see main map), (b) establish a time frame to trace the
evolution of landforms during the Pleistocene era, (c) identify the dominant processes
controlling the geomorphological evolution, and (d) provide a detailed map of the Al-Ashaali
catchment surface, and link the spatial distribution of landforms to the geological, climatic,
and hydrological setting to so as identify their correlations and interpret the formation of
landforms in the study area.

MATERIALS AND METHODS

Study area: Al-Ashaali Watershed is located in the eastern part of the southern Iraqi desert,
within the administrative borders of Al-Muthanna Province (Al-Jiburi et al., 2015). It is
bordered to the north, west, and southwest by Abu Hadair Watershed and to the east and
southeast by Al-Kaseer Watershed (Map 1). Al-Ashaali Watershed is located between
latitudes  (30°26'27.343"N-30°56'56.184"N) north and longitudes (45°10'49.107"E—
45°39'31.4"E) east. Al-Ashaali is one of the seasonal watersheds in the southern Iraqi desert,
situated within the lower valley region. The watershed area is 1071.19 km?, with a perimeter
of 241.474 km, and a total length of 71.417 km. Its direction starts from its upper sources near
Rijilat Abu Hadair and Barbak Al-Diyud and ends at its mouth near the Al-Sulaibate
depression (Al-Abadi and Shahid, 2016). Al-Ashaali Watershed is characterised by a
relatively low-altitude plateau and a gradual slope from the southwest to the northeast.
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Map (1): Location of Al-Ashaali watershed in Iraq.

The average gradient is 2.33 m/km, and the watershed is distinguished by variations in
elevation across its sections. The maximum elevation located at its upper sources in the
southwestern region, attained 180 meters above mean sea level (AMSL) (Maps 2, 3; Diag. 1).
The minimum elevation attained is 20 meters AMSL in the estuaries region adjacent to the
Al-Sulaibate depression (Maaroof, 2022a). Al-Ashaali exhibits heightened ruggedness in its
upper regions, delineating the source area between the 180- and 120-meter AMSL contour
lines (Al-Jiburi and Al-Basrawi, 2009). This region exemplifies the youth stage in the
Davisian cycle of watershed development, characterised by various topographic features,
including plateaus, hills, fault edges, and other landforms. The central region of Al-Ashaali,
indicative of the maturity phase of the Davisian geomorphological cycle, lies between 120 and
70 meters AMSL. All landforms present in the southern Iraqi desert are depicted within it. It
is less precipitous and rugged than the initial region. The level diminishes progressively until
it attains the Estuary Region, indicative of the old-age phase of the geomorphological cycle,
which is situated between contour lines of 70 to 20 meters AMSL (Ma’ala, 2009).
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Map (3): The hillshade and geomorphological phases of the Al-Ashaali watershed.
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Diagram (1): The 3D model of the Al-Ashaali watershed.

The study area comprises geological formations that differ based on their sedimentary
environments. Some formations were deposited under continental conditions due to marine
regression, while others formed under marine conditions due to marine transgression (Al-
Jiburi and Al-Basrawi, 2009). The exposed rock formations in the study area differ based on
their depositional environments, with some having deposited under continental conditions due
to marine regression (Map 4). Conversely, others were deposited under marine conditions due
to marine advancement. The ages of these formations span from the Upper Eocene Epoch of
the Tertiary period to the Holocene Epoch of the Quaternary period (Sissakian et al., 2013).
The instances of marine subsidence and submersion result from land movements experienced
by the region throughout its geological history, leading to alterations in sea level and climatic
conditions. The study area features multiple geological formations, notably the Dammam
formation, which is visible in the basin's northern section and overlain by a variable thickness
of sand plate deposits (Ali ef al., 2021). The Al-Ghar Formation, located in the central and
western regions of the basin, is partially obscured by aerobic sediments. The Al-Zahra
formation is situated in the southern areas, comprising sandy mudstone and sandstone
limestone. (Al-Jiburi and Al-Basrawi, 2015).
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Map (4): Geological formations of the Al-Ashaali watershed.

Al-Ashaali watershed is categorised as having an arid climate (Maaroof et al., 2023). The
data in Diagram (2) demonstrate that temperatures commence an ascent in March, attaining
18.2 °C, peaking in July at 36.2 °C, and than decreasing slightly in August to reach 35.3 °C.
Conversely, temperatures can drop to 11.3 °C during the cold season, which lasts from late
November to mid-April, differentiating Iraq from a tropical climate according to the Koppen
classification (Maaroof and Kareem, 2020). The study area is marked by seasonal
precipitation, occurring at intervals as showers that can rapidly escalate into torrents.
Precipitation occurs from October to May, with an annual total of 96.5 mm. Rainfall in the
study area exhibits both yearly and monthly variability (Al-Hasani et al., 2024). The
prevailing winds in the study area come from the north and northwest. They are
indistinguishable from the winds traversing the central regions of Iraq, particularly those over
the sedimentary plain, as the winds above dominate these areas as well. The gusts are closely
linked to atmospheric pressure distributions beyond the region's boundaries (Al-Hasani, et al.,
2024). The annual average wind speed in the study area is 2.983 m/s, with an increase during
the summer months, reaching 3.9, 2.9, and 2.6 m/s in June, July, and August, respectively.
The mean wind velocity diminishes during winter (November, December, and January) to
attain 2.4, 2.3, and 2.3 m/s, respectively (Maaroof et al., 2021).
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Diagram (2): Climatic data, including temperature, precipitation, and wind speed, for the
study area from 1990 to 2020, sourced from the Al-Samawah Climatic

Station. [From: Iraq | World Meteorological Organization (wmo. int)]

Al-Ashaali watershed is segmented into several sub-watersheds, each exhibiting distinct
standard characteristics, as detailed below:

1. Al-Ashaali sub-watershed (1) (ASW1): This sub-watershed is situated in the upper regions
of the main watershed, encompassing an area of 670.013 km?, a perimeter of 202.030 km,
and a length of 53.696 km (Tab. 1, Maps 5, 6).

2. Al-Ashaali sub-watershed (2) (ASW2): This sub-watershed is situated in the southwestern
region of the main watershed, encompassing an area of 273.914 km?, a perimeter of
108.950 km, and a length of 34.036 km.

3. Al-Ashaali sub-watershed (3) (ASW3): This sub-watershed is situated in the southeastern
region of the primary watershed, encompassing an area of 184.918 km? a perimeter of
95.733 km, and a length of 28.719 km.

Table (1): The area, perimeter, and length of the Al-Ashaali sub-watersheds.

Perimeter Length
Sub-watersheds Area (km?
el ) (km)
Al-Ashaali sub-watershed (1) (ASW1) 670.013 202.030 53.696
Al-Ashaali sub-watershed (2) (ASW2) 273914 108.950 34.036
Al-Ashaali sub-watershed (3) (ASW3) 184.918 95.733 28.719
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Map (6): Stream orders of Al-Ashaali sub-watersheds.
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Data Collection: This paper examines the classification of landforms within Al-Ashaali
catchment through digital elevation model (DEM) analysis. Choosing a high-resolution DEM
as input data is imperative to classifying landforms (Martins et al., 2016). The dimensions and
expanse of landforms exhibit aggregation relative to the spatial resolution characteristic (Map
7). Digital Elevation Models (DEMs) have consistently been utilised to ascertain the spatial
resolution of satellite imagery. The landform maps produced by the baseline DEM from the
Shuttle Radar Topography Mission (SRTM) were juxtaposed with topographic maps. The
terrain data were analysed alongside geological and hydrological data to elucidate the
formation of landforms in the study area. Geospatial simulation models of the terrain were
developed to construct a simplified geomorphological base map encompassing the entire
study area and to elucidate the relationships among various features. Each dataset was
individually processed before being amalgamated as a sub-layer on the foundational terrain.
The spatial correlation among multiple features and terrain characteristics was emphasised.
The analysis and interpretation of the data primarily relied on direct visualisation and specific
statistical characteristics of the features, including area/extent and thickness. The
amalgamation of the various datasets was executed using ArcGIS software. ArcGIS software
encompasses a diverse array of map design components. Various color tools and effects, such
as transparency, lighting, and shading, were used to create legible maps that effectively
conveyed the research content (Al-Sababhah, 2023; Yang et al., 2023).

Furthermore, 1:100,000 topographic maps from the General Authority of Survey of Iraq
and 1:250,000 geological and hydrological maps from the Iraqi Geological Authority were
utilised in Geosurviraqi. Upon inputting the data into the GIS via ArcGIS V.10.8, they were
incorporated into a topological model as point layers. Alongside the extraction of the river
drainage network at all levels, the principal watersheds and sub-watersheds were delineated
and extracted as vector layers. Supplementary software applications utilized for spatial
analysis included Google Earth Pro V.7.1, Arc GIS Earth V.2, Surfer V.10, and Global
Mapper V.11. Following the creation of an integrated geospatial database for the study area,
the interpretation stage and geomorphological analysis of the watershed's landform
characteristics were enhanced using a set of geomorphological criteria. The geomorphological
factors, processes, and stages were interconnected, and the development of the watershed's
landform characteristics was assessed within the context of geomorphological analysis. The
cartographic methods highlighted the spatial dimensions of the watershed's geomorphological
features (Teofilo et al., 2019).
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RESULTS AND DISCUSSION

Erosional fluvial landforms

Valleys: Valleys constitute a significant terrain in the study area, as flowing water excavated
many of them under specific water drainage conditions during the Quaternary period
(Maaroof, 2022b). These valleys (Map 8 — a) have been desiccated due to climatic alterations
and their current location within an arid region. These valleys exhibit numerous features
indicative of fluvial erosion. Nevertheless, they are situated in one of the most arid regions,
with the sole water source currently being rainfall during brief intervals in winter and early
spring. Many of these valleys traverse zones of weakness in the limestone formations,
facilitating the activation of subsurface karst processes. These valleys experience ephemeral
water flow following precipitation due to the elevated permeability of the rocks. As water
traverses these valleys, it erodes fragile rocks, creating deep depressions (Maaroof, 2024).

Escarpments: This type of landform is associated with the central valleys along the river's
banks or edges. Different geomorphological processes produce large amounts of broken rock
debris below these edges, which are easily swept away by water erosion processes that
transport rock fragments from one place to another (Kothyari ef al., 2021). However, if water
cannot transport these fragments, they accumulate at the base of the edges, forming a
"galasiplane" (Morino et al., 2022). The analysis of satellite images indicates that these
fragments- composed of solid limestone rocks resistant to geomorphological processes-
accumulate below the edges of river channel banks, with heights ranging from 2 to 5 meters.
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Pediplain.

Stream capture: River captivity is a prevalent occurrence in the watersheds of the southern
Iraqi desert. The geomorphological history of Al-Ashaali watershed reveals this phenomenon
in conjunction with adjacent watersheds, particularly Abu Hadair watershed in its western and
southwestern regions. Evidence exists that this occurs, particularly in the region known as
Rijlat Al-Tuwaitha, where the sources of this basin converge with its two tributaries (Al-
Saka'a and Abu Khasoufah) and the auxiliary Abu Hadair watershed. Features such as
"Captivity elbow" and "wind gaps" have been observed. A "Captivity elbow" refers to the
curved intersection between the captive river and the captured river, whereas "wind gaps"
result from the contraction of the captured channel, forming a dry channel (Wheaton et al.,
2015).

In the study area, river captivity occurs due to multiple factors, including the presence of a
river with a steeper gradient than others, resulting in an accelerated flow that enhances the
deepening of its valley. Furthermore, the rocks over which a river traverses exhibit low
resistance to erosion, either due to their softness or the presence of structural weaknesses such
as cracks, joints, and fractures. Consequently, this accelerates the river's vertical erosion
process, hastening its retrogression and enabling it to appropriate the sources of another river.
River captivity may arise from the expansion and alteration of river bends, resulting in the
confluence of one river with the course of another.
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Badlands: This landform is a consequence of a specific type of erosion induced by
precipitation and water in arid and semi-arid areas. Infrequent but intense rainfall can generate
torrents when the terrain is composed of cohesive clay, chalk, or gypsum sediments. The
torrents rapidly erode the rocks, transforming the terrain into a complex network of grooves,
gorges, and small pools interspersed with cliffs, rendering the area difficult to traverse
(Mandal and Chakrabarty, 2021). This landform is prevalent in the central and southern
regions of the study area, with elevations ranging between 2 and 3 meters, and is encircled by
debris resulting from the weathering and erosion processes to which this area has been
subjected. Alongside the sequence of brittle and rugged rocks, exposed rocks exhibit reduced
complexity, facilitating their weathering and erosion. The absence of vegetation cover has
facilitated the exposure of these areas' surfaces to weathering and erosion, as natural
vegetation helps mitigate water erosion during rainfall in the study area.

Meanders: River courses exhibit curvatures due to the characteristics of the stage the river is
traversing through. The curvatures are typically minimal in youth and early mature stages,
becoming most pronounced in old age (Nagata et al., 2014). The river forms a meander in the
study area through lateral erosion driven by geomorphological processes; the erosion
resistance of the banks differs (Njenga et al., 2012). The development of the meander in the
study area is chiefly attributable to a bank comprising a substantial proportion of sand and silt
alongside a minor proportion of clay. This bank is highly susceptible to the lateral erosion
processes that gradually degrade it. This phenomenon creates the external arch or concavity,
characterised by a narrow bank with a steep gradient and significant depth. Geomorphological
processes at concavities are destructive, whereas on the opposite banks of the meander, where
water current velocity diminishes, sediments are deposited, forming a convex bank known as
the internal arch (Maaroof and Kareem, 2022).

Cliffs: Rock cliffs are uniform, steep formations that rise vertically and semi-obliquely,
exhibiting a gradient exceeding 40 degrees relative to the horizontal plane of the Earth's
surface; when the slope attains 90 degrees, it is called a rock wall (Flor-Blanco et al., 2022).
Their formation and development are linked to the system of horizontal stratification, the rock
composition varying from hard to brittle layers of differing thicknesses, and the impacts of
water erosion in all directions (Swirad and Young, 2022). The study area contains numerous
geological features, including rock cliffs. These phenomena are particularly prevalent in areas
where rivers meander and the cliff edges are eroded by retrogressive erosion, rockfall, and
landslides along the cliffs and the flanks of the primary river valleys.

Pediplain: These are plains formed at the end of the Devonian erosion cycle, and the most
important feature is their surface's flatness and lack of ruggedness. Their slope is simple, so it
is almost insufficient to sustain river channels flowing slowly toward their estuaries (de
Amorim et al., 2021). The erosion plain is not considered the final picture of how the earth's
surface looks after a complete erosion cycle is over. It is always affected by different erosion
factors that shape its overall geomorphological appearance. Large-scale erosion plains
typically split into scattered remnants of a limited area, separated by various river channels
(Mirzadeh et al., 2023). The remnants of the erosion plain vary in height depending on the
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size of the watershed and the river channel's level, which is higher in the source area than at
the estuary (Mokarram et al., 2015).

The northern parts of the basin distribute the erosional plains. These parts are characterised
by their severe dissection due to water erosion. These areas are situated at elevations ranging
between 20 and 100 meters AMSL. They are underlain by Limestone and sandstone rocks
connect these areas, and are covered by loose sediments derived from these materials. Both
physical and chemical weathering processes expose the surface sediments, leading to their
fragmentation. Sometimes, their color may change due to the interactions between their
mineral components and raindrops. These plains represent an advanced stage of river erosion.
However, fault movements in the region cut it into several faults at the start of their formation.
In a later stage, the valleys would developed their drainage networks and gradually leveled the
area, resulting in the formation of the erosional plain.

Depositional fluvial landforms

Valleys Deposits: River load is deposited when conditions are favorable- specifically when
the river load surpasses its capacity, and the sediment volume exceeds the efficiency threshold
of the river (Maaroof and Kareem, 2023). Sedimentation may transpire progressively along
the river course, depending on the gradation of sediment size and the reduction in slope, water
discharge, and flow velocity (Maaroof, 2025). The substantial materials that form a significant
portion of the bed load, are deposited initially. In contrast, finer materials, including the
suspended load, remain in movement and may eventually reach the river’s estuary
environment. The size of transported particles diminishes as we progress downstream from
the basin's upper sources (Langbein and Schumm, 1958). Thornbury (1966) delineated the
factors and conditions that contribute to sedimentation, characterised by a reduction in the
river's capacity to transport sediments, resulting from a decrease in velocity as it transitions
from higher to lower terrain, the formation of folds, or an increase in river meandering.
Sedimentation occurs due to flood-induced river expansion and a decrease in water volume
driven by climatic variations (Schumm, 1981).

Al-Ashaali watershed is distinguished by substantial sediment deposits that differ in
quantity, size, and thickness across various sections of the basin. Rock masses, boulders, and
unsorted sandy and calcareous clastic sediments characteriSes the upper strata's lower sections.
In certain regions, the substrates consist of sediment-free rocks due to the steep gradient and
surface runoff characteristics. The valley floors in the central areas of the basin are composed
of sand, silt, and clay sediments, influenced by the valley's width, the volume of flowing
water, and the types of rocks most susceptible to dissolution.
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Map (9): Depositional fluvial landforms in Al-Ashaali watershed; [(A) Valleys Deposits,
(B) Alluvial fans, (C) Flood plains, (D) Natural levees, (E) River islands, (F)
Braided streams].

Alluvial Fans: They represent a type of river sedimentation in the study area, reflecting prior
climatic conditions and geomorphological processes (Tebakari and Kita, 2015). This
phenomenon is widely regarded as having formed due to the rainy climatic conditions of the
Pleistocene and has experienced modifications, particularly during significant floods that
periodically affect the watershed. Alluvial fans develop in regions where steep slopes- such as
plateaus and elevated hills- converge with lowlands, including plains and valley bottoms,
characterised by a dry or semi-arid climate (Hashemi ef a/., 2018). The rivers within them are
typically ephemeral, transporting substantial sediment while flowing rapidly over steep terrain
shaped by diverse weathering processes. The flow velocity of these rivers abruptly diminishes
as they approach neighboring lowlands, resulting in the deposition of much of their sediment
load in the transitional zone in the transitional zone (Singh ef al., 2022). Coarse sediments are
primarily deposited first, particularly in the central part of the river channel, where a barrier
forms, causing the river to bifurcate into two additional branches. The bifurcation of rivers
escalates, while the volume of water and sediment they transport diminishes as they progress
away from the elevated area. Consequently, alluvial fans exhibit considerable thickness and
coarse sediments in their upper sections adjacent to elevated areas. In contrast, their thickness
diminishes, particle size reduces, and width expands as one move further from these highland
regions (Chen and Capart, 2022).
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Floodplains: Floodplains are located to the north of the study area, representing the lowest
topographical feature. This plain was created by sediments carried by valleys and streams
from steep highlands, which facilitated the acceleration of water currents and enhanced
erosion in these regions. As the slope decreases, since valleys and streams cut through high
areas with steep slopes and flow into flat areas, the speed of the water flow slows, causing the
sediments it carries to settle. Floodplains develop due to recurrent surface runoff. The overall
gradient of these plains is from southwest to northeast, consistent with the slope of the study
area. Streams, waterways, and minor valleys occasionally punctuate these plains, and banks
intermittently bisect them.

Natural Levees: Elevated hills delineate the floodplain from the riverbed. When silt
accumulates on either side of a river, it creates dams and results in a gradual water flow
(Wang et al., 2012). Occasionally, these dams fail under the pressure of floodwaters
inundating the floodplain. The elevation of these dams in the rivers of the study area is 5 m
above the floodplain level on either side of the river. Natural dams in the study area are
frequently linked to meandering, whereas they have not been observed in braided rivers,
which deposit gravel and coarse sand within their channels rather than on their banks (Lee et
al.,2023).

River Islands: Water encircles these land areas, which are formed entirely due to
sedimentation in the riverbed (Raslan and Salama, 2015). The formation of river islands is
associated with the deposition of sedimentary materials such as clay, silt, sand, and gravel in
stratified layers, beginning at the riverbed and progressing to the water's surface (Sadek,
2013). The study area correlates the formation of river islands with the augmentation of
sediments transported by the river. The river's diminishing capacity to transport sediments
forces it to deposit its load on the riverbed, obstructing the waterway. Over time, these
barriers proliferate and enlarge due to ongoing sedimentation, ultimately transforming into
islands within the river's course. Most river islands in the study area form at bends, where
reduced water velocity facilitates sediment deposition and land formation.

Braided Streams: Braided streams are distinctive geomorphic formations characterised by
wider riverbeds through which water flows in multiple channels amidst sediment. They are
characteristic of the middle sections of rivers (Xia et al., 2025). The sediment deposition in a
midchannel bar redirects water towards the banks, where it exerts increased force, resulting in
bank erosion and stream widening. A sediment-laden stream may deposit numerous bars
within its channel, widening a continuous stream as additional bars accumulate. A stream
generally undergoes multiple cycles of deposition and erosion, mainly when its discharge
varies (Olsen, 2021). The stream may accumulate sediment in its primary channel,
transforming into a braided stream that flows through a network of interconnected rivulets
surrounding multiple bars. A braided stream typically possesses a broad, shallow channel. The
entire riverbed is generally submerged during floods, rendering smaller branches invisible
(Coulthard, 2005). A stream typically becomes braided when it is significantly burdened with
sediment, especially bed load, and has easily erodible banks. The braided pattern forms in
deserts when a sediment-rich stream loses water via evaporation and percolation into the soil.
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Braided streams are morphologically unstable habitats. The majority of the flora in these
regions consists of pioneer species (Gran and Paola, 2001).

CONCLUSIONS

Valleys in the study area are significant terrain due to their desiccation during the
Quaternary period and their current location within an arid region. These valleys exhibit
numerous features indicative of fluvial erosion, and are located in some of the driest regions,
where rainfall is the sole water source. River captivity occurs when one river expands its
course at the detriment of another, resulting in profound depressions. This landform is
associated with central valleys situated along rivers banks or edges. It is related to Al-Ashaali
watershed and Abu Hadair watershed in its western and southwestern regions. Rijlat Al-
Tuwaitha is a region where the sources of this basin converge with its two tributaries Al-
Saka'a and Abu Khasoufah along with the auxiliary Abu Hadair watershed.

The geomorphological history of Al-Ashaali watershed reveals this phenomenon in
conjunction with adjacent watersheds, particularly the Abu Hadair watershed in their western
and southwestern regions. Rijlat Al-Tuwaitha is characterised by features such as "captivity
elbow" and "wind gaps," which occur when one river exhibits a steeper gradient than others,
resulting in an accelerated flow that enhances the deepening of its valley. The absence of
vegetation cover facilitated the exposure of these areas' surfaces to weathering and erosion.
The study area contains numerous geological features, including rock cliffs, which are
particularly prevalent in areas where rivers meander and the cliff edges are eroded by
retrogressive erosion, rock fall, and landslides along the cliffs and flanks of primary river
valleys. The erosion plain is affected by different erosion factors that shape its overall
geomorphological appearance. River sedimentation occurs when the river load exceeds its
capacity and the sediment volume exceeds its efficiency threshold. This process can occur
progressively along the river’s course, depending on sediment size gradation, slope reduction,
water discharge, and flow velocity.

Al-Ashaali watershed is characterised by substantial sediment deposits in various basin
sections, reflecting prior climatic conditions and geomorphological processes. Alluvial fans
develop in regions where steep slopes converge with lowlands, transporting substantial
sediment while flowing rapidly over steep terrain. Coarse sediments are primarily deposited
first, particularly in the river channel's centre, where a barrier forms, causing the river to
bifurcate into two additional branches. As the flows progress from the elevated area, their
thickness diminishes, particle size reduces, and width expands. Floodplains are located in the
north of the study area, representing the lowest topographical feature. These are formed by
sediments carried by valleys and streams from steep highlands, facilitating water currents'
acceleration and enhanced erosion. River islands form when sedimentation in the riverbed,
and diminishing the river’s ability to transport sediments forces it to deposit its load on the
riverbed, partially obstructing the water flow. Braided streams, another distinctive
geomorphic feature, are characterized by wider riverbeds through which water flows in
multiple channels amidst sediment. These streams undergo numerous cycles of deposition and
erosion, mainly when their discharge levels vary. Braided pattern forms in deserts when a
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sediment-rich stream loses water through evaporation and percolation into the soil. The
majority of the flora in that region consists of pioneer species.
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